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A TECHNIQUE FOR IMPROVING THE ACCURACY AND DYNAAMIC
RANGE OF BEAM POSITION-DETECTION EQUIPMENT"®

F. D. Wells and S. P. Jachim

MS-HR08, Los Alamos National Laboratory, Los Alamos, NM

Abstract

Beam position detection equipment often employs cirenits
that convert amplitude-modulated position signals to phase
modulation. These siguals are linited to remove amplitnde
vartations  amd  phase detected to obtain analog position
wformation.  The phase-modulated signals are clipped by
limiters that must be closely phase matched in pairs over
the signal intensity range of interest. Acceuracy and dynamie
range are determined principelly by the phase mat b between
the limiters. When the time duration of the beam is a
few microseconds or more. significant inprovements can be
obtained by down converting the RF signals to an intermediate
frequency near 10 MHzo Limiter cirenits are available that
can be closely matched in paies at 10 MHz over a 60 (B
signal amplitude range. For example, the peak phase deviation
measured among 30 matehed pairs was <0.4°, corresponding to
a phase tracking error of <0.1 dB. This exceptional matclhing
enabled beam positon measurements over a 50-dB dynamie
tange of signal antensiy A deseniption of the deteetion
rechugque and the hniter 1 given by this paper

Introduction

Beam position detecnion equipient frequently employs
arewits that convert amphtude-modulated 1 AMY position
sitiads to phase moduliatom (PMY nsing an AM L PM converrer
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antermediate frequency near 10 MHz o Linuter cnewats are
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Fig. 1 Block diagram of the beam position detection equipinent

Thus, the amplitude factors A and B are mammtamed 1 the
difference frequencies, and the 10-MHz component from the B
channel Iags the compounent from the A channel by 000 s
of irterest to note that a local oscillator frequency of 190 MH.
will produce a 90° phase lead i the B channel component

AM/PM Converter

The four 10-MHz signal components are power divided
to provide signals for  position mtensity
measurement. The X and Y position channels are jiocessed
by AM/PM conversion cirewts that transform the amphitude
uodulated position information to phase modulation. Fugure 2
lustrates the operation of this converter, which employs
three 0° power dividers and one 0°/180° divider I'he
mterconnection of these components, along with the 9n”
phase lag produced by the down converter i the B chianned
produces two signals, ¢y and ¢, having the phuse relatnonshp
vy o= 2 tan ' B/AT Thus, the amphiade rano By .
converted to a phase angle  The conversion gion s abaut 667
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Fig- 3 Plot of the AM/PM converter phase relationship

In particular, the SP9685 comparator is an excellent choice for
this application. Figure 4 shows a limite: circuit that uses this
comparator.

Fig. 4 Schemaue diagram of a hnter
emploving the SPY988R5 comparstor

In Fig 5. the peak phase deviation for 30 matched pairs of

SPPOOS) Gnaters s shown The worst case nunteh was 1 6° and

he magonty were witlun 04° over the 60 dB dynnnue range
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A differ-utial ch.ange of 1 dB in signal intensity produces 6 67
nf phase change in the AM/PA! converter outpur - Thus the
limiter phase-tracking error was less than 0.1 JdB.

Referring ro Fig. 1 again, the two output siguals fron, the
limiters are applied to a double-balanced mixe: that functicns
as A phase detctor.  An exclusive OR-circuit conld also
perform this function. The output is filtered and amplifi «d
to produce the analog position signal.

Figure 6 shows oscilloscope traces that illustrate the
dynamic characteristics of the equipment. The horizontal
scale represents beam current variations ranging from abont
10 4uA on the left to about 10 1A on the night.  The
corresponding signal power o each input 1anges from 64 4Bm
to -4 dBin. The family of horizontal I'nes represents 21 position
vilues corresponding to differential signal intensity changes of
1 JdB/step to the two inputs of the ANM/PM converter  The
heam-centered trace results when the two signals are equal
1A = B). The upper traces correspoud to A > B, while the
lower traces result when A < B. The position measurements are
quite wnform from about -54 dBm ro 4 dBm. Below 54 (B
the limiter operation deteriorat=s, finally ceasing to operate
below 64 dBm. The position measurement uniformity sl
primarily, to the excellent phase-matched charactensties of the
limiters over the 50-dB dynamie range of signd mtensity
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